Twopotent gastroprotective substances against experimental gastric ulcers in rats induced by stress and five of their analogues were isolated from the culture broth of bacterial strain AI-77 which was classified taxonomically as Bacillus pumilus. Physico-chemical properties and pharmacological activities of the seven compoundswere examinedand comparedwith each other.
Wefound that a strain numbered AI-77, isolated from soil, accumulated a compound with antibacterial activity and strong fluores- Efforts were madeto separate each product from the culture broth of this strain, leading to isolation of seven analogous compounds which were named AI-77-A, B, C, D, E, F and G in order of discovery.
Pharmacological examination of the products showed that AI-77-A with antibacterial activity exhibited a potent gastroprotective activity against stress ulcers induced by restraint and water-immersion together with an inhibitory effect against carrageenin paw edema in rats, while AI-77-B without antibacterial activity, a major product in the fermentation, exhibited only gastroprotective activity.
The present paper deals with the preliminary characterization of seven compoundsisolated from culture broths of bacterial strain AI-77 in terms of their chemical and pharmacological properties in addition to morphological examination of the bacteria.1*
MATERIALS AND METHODS
Taxonomicstudy of the strain. Strain AI-77 was characterized by the procedures described by Iizuka and Seto.2)
The organism was identified according to the methods of Buchanan et al.3) Fermentation procedure. The stock culture of strain AI-77 was maintained on a nutrient agar slant. A loopful of cells from the stock culture was inoculated into 100 ml ofa medium consisting of 2% glucose, 2% soybean meal, 0.3% NaCl, 0.2% K2HPO4, 0.05% MgSO4-7H2O and 0.1% KF-96 (Shinetsu Chemical Co. Ltd.) in a 500ml-Sakaguchi flask and cultured for one day at 30°C on a reciprocal shaker. About 500 ml of the seed culture was transferred to a 20 liter jar fermentor containing 10 liters of the same culture medium.Fermentation was carried out for one day at 30°C with an air flow rate of 10 liters per minute and agitation of 300 rpm. A 200 liters-fermentation tank was charged with 100 liters of the same mediumand inoculated with 3 liters of the seed. Fermentation was carried out at 30°C with an air flow rate of 50 liters per minute and agitation of 300 rpm for one to four days.
Analytical methods. 1) Thin layer chromatography (TLC). TLC was carried out on plates coated with a 0.25 mmlayer of silica gel 60F254 (Merck). For separative purposes, plates with a layer thickness of 2mmwere used. Samples were spotted on plates and run with the following solvent systems by the asending method: (solv. 1) (Et)2O, (solv. 2) (Et)2O-AcOEt 2) High performance liquid chromatography (HPLC). 160~180g were used and fasted for 24 hours before use. A solution or suspension of the test compoundin physiological saline or 0.5% carboxymethyl cellulose (CMC) was administered intraperitoneally or orally. One hour after the administration, each rat was restrained in a net cage and immersed in a water bath (21°C) for 6 hours from the tail to the xiphisternum. Animals were then killed by dislocation of the cervical vertebrae and the stomach was removed and incised along the greater curvature. An ulcer index corresponding to the severity of hemorrhage was given for each stomach. Stomachs without any ulceration were defined as rating 0, while others were rated as 1, 2 or 3, depending the severity.
The percent inhibition of ulcers was calculated by the following formula. Table I . Electron microscopy showed that the microorganism possesses peritrichous flagella (Fig. 1 solvent systems. Their Rfvalues are shown in Table IV. AI-77-A, B and G are soluble in water. In contrast with these three compounds, AI-77-C, D, E and F are substantially insoluble in water, hexane and benzene, but soluble in methanol, ethanol, dioxane, tetrahydrofuran and ethyl acetate. AI-77-A in aqueous solution was labile to alkali. The antimicrobial activity of AI-77-A disappeared after exposure overnight at pH 8 at room temperature. Exposure to alkali, above pH 10, shifted the peak of the UVabsorption spectra at 314nm to 298nm through the transient peak at 348nm for all AI-77s (A to F) expect AI-77-G. The resulting spectra of these compoundsresembled that of AI-77-G. Their physico-chemical properties, molecular weights, melting points, UV absorptions, IR absorptions at the carbonyl region and color reactions are summarized in Table V . UV spectra of AI-77-B in methanol are shown in Fig. 3 . The UVspectra ofAI-77-A to F agreed with those of mellein,6)^°H nm (E); 246 (6500), 314 (4100) and baciphelacin, 7) AJ£?H nm (E); 245 (6050), 314 (4900), suggesting the presence A exhibits antimicrobial activities as shown in Table VI . None of the other AI-77 analogues affected any of the test strains even at a concentration of as high as 1 mg/ml. 2) Inhibitory effect ofAI-77-A on paw edema induced by carrageenin. Table VII shows that AI-77-A at doses higher than 50 mg/kg significantly suppressed the development of paw edema in rats when examined 3 hours after carrageenin injection. The analogues other than AI-77-A did not affect edema.
3) Protective effect ofAI-77s on stress ulcers induced by restraint and water immersion. In this test, protective values of more than 60% were determined to be effective. As shown in Table VIII , only AI-77-A among the compounds tested was effective when administered orally whereas AI-77-B exhibited a potent effect whenadministered intraperitoneally. 4) Acute toxicity of AI-77-A and B. The acute LD50 values of AI-77-A and B in ddy male mice are shownin Table IX . Each chemical structure and the relationship between the structure and the pharmacological activity will be described in separate papers.
